Objectives-A cross sectional prospective study was carried out among iron foundry workers (exposed) and soft drink bottling and supply company workers (unexposed) to assess their occupational exposure to ambient respiratory dust in their work environment and its eVect on their lung function profile. Participants-Lung function was measured in 81 exposed and 113 unexposed workers. Personal respirable dust concentrations were measured for all the exposed and the unexposed workers. Information on respiratory signs and symptoms was also collected from the participants. Results-Among the exposed workers, midexpiratory flow (FEF 25-75 ), forced expiratory volume in 1 second (FEV 1 ), peak expiratory flow (PEF), FEV 1 /FVC, and FEV 1 /VC ratios were significantly lower whereas the vital capacity (VC) and forced vital capacity (FVC) were nonsignificantly higher. Job at the iron foundry was a significant predictor of lung function. Exposure to high concentration of respirable dust at the iron foundry was also a significant predictor. Workers working in high exposure areas (general works, furnace, continuous casting areas, and fabrication workshop) had lower lung function values than workers in medium and low exposure areas. Smoking did not enhance the eVects of exposure to dust on lung function. Conclusions-Exposure to respirable dust was higher among the iron foundry workers; and among these, general, furnace, rolling mill, and fabrication workers had higher exposures to dust than did workers in continuous casting, the mechanical workshop, and the bottling plant. Job type and exposure to dust were significant predictors of lung function. Implementation of industrial hygiene and proper and eYcient use of personal protection equipment while at work could help to protect the respiratory health of industrial workers. (Occup Environ Med 2001;58:656-662) 
Occupational exposures to dust, fumes, and gases are associated with increased prevalences of respiratory symptoms and impairment of lung function. [1] [2] [3] [4] Exposure-response relations between occupational agents and chronic respiratory symptoms have also been reported. 5 6 However, factors associated with lifestyle have also been identified as causing a deterioration of lung function. A strong relation between vital capacity (VC) and forced expiratory volume in 1 second (FEV 1 ) on the one hand and obesity on the other hand has been identified among Polish steel mill workers. 7 8 Other demographic variables have been shown to aVect lung function, including age, weight, smoking, and socioeconomic conditions. 9 10 Workers at steel manufacturing plants and iron foundries are exposed to a variety of agents including dusts from iron ore, coal, silica, and fumes and gases that comprise coke furnace emissions, metal fumes, iron oxides, and oxides of carbon, sulphur, and nitrogen. These workers, therefore, are at an increased risk of impaired lung function from chronic exposure to dust and fumes. A significant decline in lung function, consistent with slight airway obstruction, has been reported in steelworkers who worked in the continuous casting process. 11 Exposure to dusts in steel workers has also been strongly associated with reductions in forced vital capacity (FVC), FEV 1 , and FEV 1 / FVC%. 10 Significant decreases in FEV 1 and FVC have been associated with increases in occupational exposures to gases and fumes. 3 Combined occupational exposures to dusts and gases and fumes have been reported to reduce peak expiratory flow rate (PEF). 3 Main messages x Exposure to respirable dust at an iron foundry adversely aVected lung function. x Certain jobs at the iron foundry where exposure to respirable dust is high were aVected to a greater extent than others. x Respiratory signs and symptoms were also adversely aVected in those exposed to respirable dust at iron foundry. x Non-use of personal protective equipment resulted in greater exposure to dust.
Policy implications
x Workers at risk of exposure to respirable dust should be required to wear personal protection while at work. x Personal protective equipment should be made available to the workers on the shop floor.
Exposures at small cast iron foundries, where scrap iron is recycled to produce cast iron rods for use in construction, could be substantially higher than at huge steel manufacturing plants where eYcient safety and hygiene practices are more likely to be enforced. This is liable to be true particularly in the newly industrialising countries-such as in the Arabian Gulf States. Further, the smaller foundries do not usually include dust precipitators and fume extractors-incorporated in the design and construction of the foundry-to provide a safe working environment for its workers, as was found in this study.
This study was designed to assess the eVect of occupational exposures to dusts, fumes, and gases on the lung function of the workers at a cast iron foundry. A group of workers unexposed to similar dusts, gases, and fumes and working at a soft drink bottling plant was also studied for their lung function profile. Lung function and respiratory symptoms for the two groups of workers are described in this paper. The eVects of exposure to dust and smoking on lung function have also been examined.
Methods
The exposed workers in the foundry and involved in the production process were invited to participate in the study; all were included as none refused to participate. Another group of workers at the soft drink bottling company, which was a bottling and supply factory, were included as the wholly unexposed group; again, none refused to participate. Only those workers on annual or other leave during the period of the study did not take part. The managements of the foundry and the bottling plant provided a list of workers, their job titles, and their ages along with the layout of diVerent work units within the factory. Having arranged with the management of the factory, an appointment was made with the production supervisors to conduct the study on specified days during the study period. The supervisors requested those workers who had been oV duty for at least the past 8 hours to report to the site laboratory before beginning their shift to participate in the study. At the site laboratory, the procedures to be applied were explained to these workers and their willingness to participate was confirmed by their signing the consent form. The ethics committee of the medical faculty had earlier given clearance for the procedures to be applied in this study including the questionnaire, and the work was conducted between September and December of 1997.
Lung function was assessed in groups of workers who had been employed for at least 3 years at the iron foundry and another group of workers at the soft drink bottling company. The mean values of the lung function profiles of the workers identified as exposed by job title at the foundry and performing similar tasks were compared with the mean values for other groups in the foundry who were less exposed and with the unexposed group as a whole. Qualitative and quantitative analyses of the respirable dust in the foundry premises aVecting the workers as they performed the various tasks at the diVerent work sites were undertaken and correlations with values of lung function were investigated. The workers at the foundry (the exposed group) were assigned to diVerent work units within the foundry, although their tasks within the work units were rotated about every 2 years within the unit. At the soft drink factory, the workers (the unexposed group) attended to the automatic bottling tasks at the factory or were dispatched to supply the finished products to the retailers. As these tasks were switched between workers on a daily basis, no categorisation of tasks was done for these workers.
Information on sociodemographic characteristics, smoking profile, respiratory history, a general health profile, and current medication was collected through a questionnaire administered by an interviewer, modified from the American Thoracic Society standardised questionnaire. As all the workers were of Asian origin and some were unable to converse in English, the questionnaires were applied through an interviewer using their local language (Urdu). Before using the questionnaire in their local language the questionnaire was translated into Urdu and pilot tested and then back translated into English; the translations were tested through two back translations. Information was also collected about the use of personal protection while at work. Height, weight, and systolic and diastolic blood pressures were measured at the site laboratory. The body mass index (BMI) was calculated as a ratio of the weight in kilograms and the height in meters squared. Smoking profile (number of cigarettes a day and the smoking period) was used to calculate pack-years of smoking for current and ex-smokers. A pack-year is defined as smoking 20 cigarettes a day for a year. After the workers had completed the questionnaires, their lung function measurements were made. On the same day, environmental dust measurements were carried out for each of the workers, with a personal dust sampler.
Lung function was measured with a Vitalograph (Model PFII, Vitalograph, Buckingham, UK) spirometer according to the American Thoracic Society recommendations. 12 The spirometer was calibrated at the site laboratory as recommended by the manufacturer with a 1 litre calibration syringe, before use and after every 10 subjects. The procedure for the lung function test was explained individually to each of the subjects who were then given a practice test done while standing. If blowing into the spirometer was satisfactory, the actual test was done immediately. If the actual test was properly taken at the first attempt then three reproducible tracings were obtained, if not, the subject was asked to repeat the whole test. A record of the test was kept on a chart paper and the American Thoracic Society best results were printed. No subjects were excluded because of lack of reproducibility consistent with the American Thoracic Society guidelines. 13 The routine lung function profile included VC, FVC, FEV 1 , forced midexpiratory flow (FEF 25-75 ), PEF, and the per cent ratios for FEV 1 /FVC and FEV 1 /VC. Impairment of lung function was classified according to the categories already described. 14 15 Dust concentrations at diVerent sites in the factory were measured with Casella personal sampling pumps AFC 123 (Cassella, London, UK). The pumps had previously been charged and calibrated at the site with a 5 µm pore size, 37 mm diameter, mixed cellulose ester filter paper (Millipore, Ireland). The personal sampling pumps, equipped with a cyclone filter head, were loaded with filter papers and were put on the workers during the shift; the respirable dust was sampled for 6 hours. At the end of this period, the pumps were removed and the filter papers were analysed quantitatively and then qualitatively for iron and manganese by flame atomic absorption spectrometry. 16 Dust concentrations were calculated for each of the workers and mean dust concentrations were also estimated for each job category including the unexposed jobs. A new categorical variable for dust concentration was computed with three categories: (1) low concentration (for those working at the bottling plant); (2) medium concentration (for those working in the mechanical workshop and continuous casting areas); and (3) high concentration (for those working in general works, furnace area, rolling mill area, and fabrication workshop).
Means (SDs) were used to describe continuous variables, and frequencies and percentages were used to describe categorical variables. Two independent sample t tests were used to compare the lung function variables between the exposed and the unexposed groups. 2 Analyses were used to test the associations between categorical variables (respiratory symptoms between the exposed and the unexposed groups). Multivariate regression analyses were conducted with the general linear model from the statistical package for social sciences (SPSS). 17 A multiple regression analysis technique was used to fit three diVerent models. The first model assessed job type, the second exposure to dust with two dummy variables, and the third model job category with six dummy variables. The common potential predictors were age and pack-years.
The first regression model was computed with lung function measurements (VC, FVC, FEV 1 , PEF, FEV 1 /FVC, and FEV 1 /VC) as dependent variables and job type (iron foundry or bottling plant workers), age, and pack-years as covariates; the intercept was also included in the model. Job type was coded as: exposed (iron foundry workers)=1 and unexposed (bottling plant workers)=0. The second multivariate regression model was computed with exposure to dust (actual dust measurements) as a covariate along with age, pack-years, and lung function measurements as dependent variables. Exposure to dust was coded as: (1) ). In this model two dummy variables (dust 1 and dust 2) were also included to adjust for the three concentrations of exposure to dust and low exposure was considered to be the reference category. The third and the final multivariate regression model was similar and contained job category (jobs classified according to the type of work done by the workers at the iron foundry and the bottling plant) along with age and pack-years as covariates and lung function measurements as dependent variables. Job categories were: (1) unexposed (bottling plant) workers; (2) mechanical workshop workers; (3) continuous casting workers; (4) general workers; (5) furnace workers; (6) rolling mill workers; and (7) fabrication workshop workers. Six dummy variables (job 1, job 2, job 3, job 4, job 5, and job 6) were created for job category to adjust for the seven job categories with job category 1 (bottling plant workers) as a reference category. All the models were tested for interactions between the covariates. The regression models were also tested without pack-years as a covariate to assess the contribution by smoking to the predictability of lung function by job type, exposure to dust, and job category (exposure to respirable dust).
Results
A total of 81 iron foundry workers (exposed) were examined in the study along with 113 soft drink company workers (unexposed). The salary and the living conditions of the exposed and the unexposed workers were similar, as was their socioeconomic status. Both the exposed and the unexposed workers generally stayed in a camp adjacent to the factory; only a small percentage (2%) of the unexposed workers stayed on their own outside the factory premises. Among the exposed group, 69% were of Indian origin and 31% of Pakistani and Bangladeshi origins; among the unexposed workers, 66% were of Indian origin and 36% of Pakistani, Bangladeshi, and Sri Lankan origin. The mean (SD) duration of service in the country in the job were 11.23 (5.2) years for the exposed and 11.69 (4.6) years for the unexposed populations. The diVerences in the mean BMI, systolic and diastolic blood pressures, and years of service between the exposed and the unexposed workers were not significant at p<0.05 (table 1) . However, the unexposed population was significantly younger and slightly leaner compared with the exposed population. The unexposed population was also found to have smoked more (mean (SD) 0.34 (0.7) pack-years) than the exposed population (mean (SD) 0.30 (0.39) pack-years). Among the exposed workers the mean (SD) pack-years for the diVerent job categories were: furnace workers 0.15 (0.52); continuous casting 0.18 (0.67); rolling mill 0.28 (0.58); mechanical workshop 0.53 (0.90); fabrication workshop 0.46 (0.94); general works 0.37 (0.68).
The numbers (%) of workers in the diVerent work units which were identified and listed as job categories among the exposed workers were furnace workers 21 (26); continuous casting workers 13 (16) ; rolling mill workers 10 (12); mechanical workshop workers 10 (12); fabrication workers 12 (15); and general workers 15 (19) (table 1) . The last category contained workers who could be mobilised to any unit on a daily basis, depending on the workload or to replace absentees. These workers also helped in diVerent tasks related to the melting of the scrap and the casting of iron ingots and in the production unit. None of the workers used any protective equipment while at work except for shoes, which were worn by only 54% of the workers from the furnace, continuous casting, and rolling mill units, the rest of the workers wore bathroom slippers.
The frequencies of self reported recurrent and prolonged cough, phlegm, wheeze, and dyspnoea were significantly higher among the exposed than the unexposed workers (table 2). Among exposed workers the frequency of respiratory symptoms was significantly higher among mechanical workers (cough 30%, phlegm 30%, wheeze 20%, and dyspnoea 30%), furnace workers (cough 62%, phlegm 52%, and dyspnoea 24%) and the fabrication workers (cough 68%, phlegm 50%, wheeze 33%, and dyspnoea 42% (table 5) . Age (VC, FVC, FEV 1, and FEV 1 /VC) and pack-years (VC, FVC, and FEV 1 ) were significant contributors to the regression model. There was no significant interaction between exposure to dust and age, or pack-years, or both. Exposure to dust was still a significant predictor of lung function (VC, FVC, PEF, FEV1/FVC, FEV1/ VC) after excluding pack-years from the regression model. In the third regression model job category (continuous casting workers, general workers) was a significant predictor of lung function (VC, FVC, PEF, and FEV 1 /FVC, table 6). Lung function (FEV1, PEF, FEV 1 / FVC, and FEV 1 /VC) was also significantly predicted in workers with jobs as furnace workers or fabrication workers. Age (VC, FVC, and FEV 1 ) and pack-years (VC, FVC, and FEV 1 ) contributed significantly to the regression model. However, the interaction between job category and age or pack-years or both was significant only for VC but not for any of the other lung function values. Job category (continuous casting workers, general workers, furnace workers, and fabrication workers) was still a significant predictor for most of the lung function variables (VC, FVC, FEV 1 , PEF, FEV1/ FVC, and FEV 1 /VC) after excluding packyears from the regression model (table 6) .
Discussion and conclusions
The workers at iron foundries are exposed to dust, fumes, and gases comprising silica, carbon, iron, and manganese. 10 Dusts, fumes, and manganese have been reported to have an adverse aVect on the lung function of workers exposed to these agents. 10 15 In this study iron foundry workers were found to have been exposed to higher concentration of dust than soft drink bottling plant workers, and among these workers those in certain jobs were more exposed than others. Those workers (furnace and fabrication workers) exposed to high concentrations of dust and fumes were found to have higher frequency of respiratory symptoms (cough, phlegm, wheeze, and dyspnoea). These exposures may have aVected adversely the lung function of the exposed workers, whose values 19 among stainless steel workers and have been ascribed to the healthy worker eVect. The intensity of the manual activity among the exposed and unexposed workers was not measured in this study; however, the occupational hygienist on the research team found it to be higher for the exposed workers than for the unexposed workers. The prevalence of chronic cough, phlegm, wheeze, and dsypnoea was higher among the exposed workers than the unexposed workers; these findings are in agreement with other similar studies. 20 21 In this study the type of job (iron foundry or bottling plant worker) and also occupational exposure to dust significantly predicted lung function (VC, FVC, FEV 1 /FVC, and PEF) indicating that occupational exposure to respirable dust in an iron foundry played a significant part in decreasing lung function of the exposed workers and in increasing the risk of chronic airflow limitations. Similar eVects have been found among brick manufacturing workers and among workers exposed to silica. 22 23 An inverse relation was found for exposure to dust and FEV 1 , PEF, FEV 1 /FVC, and FEV 1 /VC. The inclusion or exclusion of pack-years, a measure of smoking profile, in the regression model did not significantly alter the ability of job type and exposure to dust to predict lung function. Therefore, the deleterious eVects of smoking were not found as anticipated, among the exposed and the unexposed workers. Although all the lung function variables were lower among the exposed smokers than the exposed non-smokers, similar eVects were not found among unexposed smokers and non-smokers. Thus, although smoking is usually reported to impair lung function, in this study smoking was not found to further exacerbate lung function in workers who were exposed to high dust concentrations. This may possibly be because of the low intensity of smoking among the exposed and the unexposed groups, and secondly in estimating pack-years we did not diVerentiate between current smokers and ex-smokers.
The respirable dust concentrations varied widely between the diVerent work areas, depending on the nature of the work carried out at the unit. The variations in the dust concentrations were partly the result of the diVerences in the generation of the dust at the various worksites and partly the rapidity with which natural ventilation removed the spill of dust from the worksites as the high ambient temperatures during most of the year dictated the clearance of external walls and the minimum of internal partitions. Thus, the dust concentrations were higher at the furnace, rolling mill, fabrication, and general work areas where the bulk of the pollutants were generated. The workers in these areas had lower lung function values than their colleagues in the bottling plant as shown by regression analysis.
Working in areas of high exposure to dust (furnace, fabrication, and general works) was a significant risk factor for lower measurements of lung function. These workers (furnace and fabrication) were also found to show an increased frequency of respiratory signs and symptoms. Working in the continuous casting area was a significant predictor of lung function Job category: 1=bottling plant workers; 2=mechanical workshop workers; 3=continuous casting workers; 4=general workers; 5=fur-nace workers; 6=rolling mill workers; 7=fabrication workshop workers. Job category=1 is reference category, Job1 (dummy)=mechanical workshop workers, Job2 (dummy)=continuous casting workers, Job3 (dummy)=general workers, Job4 (dummy)=furnace workers, Job5 (dummy)=rolling mill workers and Job6 (dummy)=fabrication workers.
despite low dust concentrations, possibly because of high exposure to fumes and gases. Lung function in rolling mill workers did not reflect higher exposure to dust in that area, possibly because workers did not work in such a confined space as in other areas because of the nature of the work. They could monitor the production of cast iron from a safe distance. Smoking, although an independent factor which adversely aVects lung function, in this study did not contribute additionally to the already lowered lung function resulting from exposure to dust. The non-use of personal protection equipment, resulting in increased exposure, might have contributed to the excess decrements found among the high exposure groups. The workers in those areas with high dust concentrations were also found to be involved in greater physical activity than workers in other areas, thereby increasing their exposure.
In conclusion, therefore, the workers at the iron foundry were found to have a lower lung function than workers in those areas with lower dust concentrations. These workers were also at an increased risk of developing chronic respiratory airflow limitations than their counterparts in a non-polluted environment. The higher frequencies of cough, phlegm, wheeze, and dyspnoea among the exposed group, with highest values among the furnace and fabrication workers, show a possible dose-response relation. These workers do not consider these symptoms of ill health for they have accepted these illnesses as part of the job risk. Being economic migrants from the Indian subcontinent, all the study subjects needed to keep their jobs and to maintain their lifestyle, which is better than the one in their country of origin. The degree of lung impairment was higher among those workers exposed to higher concentrations of dust and gases and could eventually be a hindrance to their social life and wellbeing. The non-use of respiratory protective equipment while at work increased the exposure and consequently heightened the risk of lung impairment and chronic airflow limitations.
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